Thermo oil based parabolic through technology is limited to operational temperatures close to 400°C due to the decomposition of the heat transfer fluid and accompanying hydrogen permeation into the vacuum annulus. The presence of hydrogen in the annulus leads to an increase of thermal losses and a decrease in thermal efficiency. In order to overcome this so-called 'hot tube phenomenon', SCHOTT introduced the PREMIUM receiver with a capsule containing noble gas placed in the evacuated annulus. The receiver operates after installation with the performance of the standard receiver (PTR 70), until the 'hot tube phenomenon' is detected. The encapsulated noble gas will be released via laser drilling the capsule, without further interruption of the plant operation.
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Abstract
Thermo oil based parabolic through technology is limited to operational temperatures close to 400°C due to the decomposition of the heat transfer fluid and accompanying hydrogen permeation into the vacuum annulus. The presence of hydrogen in the annulus leads to an increase of thermal losses and a decrease in thermal efficiency. In order to overcome this so-called 'hot tube phenomenon', SCHOTT introduced the PREMIUM receiver with a capsule containing noble gas placed in the evacuated annulus. The receiver operates after installation with the performance of the standard receiver (PTR 70), until the 'hot tube phenomenon' is detected. The encapsulated noble gas will be released via laser drilling the capsule, without further interruption of the plant operation.
The opening process utilizes a fiber coupled laser and an alignment tool that is adapted to the conditions in the solar field. The drilling process is optimized for low impact on the receiver components and affordable equipment. Extensive tests confirm the sustained reliability of the receiver components after gas release.
SCHOTT has developed a unique solution which is able to improve the receiver's lifetime and performance significantly with low maintenance and low additional costs. This additional feature allows operation at high performance for a significantly longer period than the vacuum lifetime of the product, lowering the LCOE in that way.
Introduction
During operation of solar thermal parabolic trough plants, using oil as HTF, the heat loss caused by hydrogen in the receiver vacuum is one major factor reducing the overall yield of the plant. The hydrogen originates from the cracking of the hydro carbon molecules at high temperatures (300°C -400°C). The other products of the cracking process will be transported to the power block and could be extracted from HTF with different methods, but hydrogen will permeate into the annulus. Because hydrogen molecules are excellent heat conductors the heat loss will increase by the factor of 5 -8, nearly eliminating the heat contribution of this receiver. Moderating the movements of hydrogen with a heavy mass noble gas (e.g. Xenon) the heat loss can be reduced to a level 30% -40% above the vacuum (p < 10 -3 mbar). The noble gas is stored in a stainless steel capsule inside the annulus. A pulsed Laser is used to open this capsule through the glass tube. The impact of the laser on the glass tube is too low to weaken the receiver for continued operation. The following article summarizes the analysis of the opening process and the impact on the receiver components.
Laser opening process
For the remote opening process a Nd:YAG Laser with •=1064 nm is used. The laser beam is coupled to an optical fiber (l=10m) and focused by a f=150mm lens to the capsule surface. For easy application the main laser is guided by a visible laser diode (•=647 nm) and a confocal video camera. The laser optics and the part of the receiver containing the noble gas capsule will be shielded to protect the human eye. Therefore the process is remote controlled via camera (Fig. 2) . 
Analysis of laser impact on glass tube
The opening process of the steel capsule causes vaporized steel acumulating at the inner surface of the glass tube. When the laser penetrates the full wall thickness of the capsule, molten steel is thrown towards the glass tube by the exiting pressurized gas. The corresponding hole in the gas capsule is shown in Fig. 4 . With an optimized parameter set and laser pulse energies below 1 Joule, the drilling process produces less liquid metal and much smaller hole diameters: The figures 5&6 show results of a opening process with 0,8J compared to figures 3&4 with 3J. The focussing has to be more precise with decreasing power. The allowable range for defocussing is ± 200µm.
Testing
Samples of the outer receiver glass tube were tested after laser opening process and compared with untreated reference samples. A pendulum impact device was used for this test. The pendulum hit the glass tube direct at the spot where the laser beam went through the glass.
O.Sohr/ Energy Procedia 00 (2013) 000-000 The reference samples were non-irradiated glass tubes from the same production batch as the test samples. Additionally earlier results from receiver type samples are included into the analysis. Furthermore three samples (low, medium, high laser energy) were tested by thermo shock and didn´t show reduced strength compared to non-laser-irradiated samples. As shown in Fig. 6 the glass tube strength is not affected below a certain threshold of laser energy. This threshold is strongly depending on the optics used and the beam profile of the laser. For application in the solar field a shorter focal length and correction optics will allow pulse energies achievable with compact diode lasers.
Result

Conclusions
The opening process for the noble gas capsule used in solar thermal receivers was optimized for low impact on receiver components and efficient opening results. With the reduction of the laser pulse energy below 1 J diode lasers instead of solid state laser can be used in future.
